Fourier transform Raman spectra of methyl red adsorbed on untreated and pretreated γ-alumina and silicaalumina calcined at 900 o C under 1 atm steam flowing were recorded. Spectral analysis shows that the active species adsorbed on γ-alumina was to be deprotonated methyl red, and on silica-alumina to be di-protonated. This indicates that γ-alumina adapted in this work holds Brönsted basicity, and silica-alumina Brönsted acidity. Raman intensities of methyl red on pretreated γ-alumina are about three times stronger than on untreated γ-alumina, while spectral features are unchanged. For silica-alumina, spectral features show modified vibrational characteristics upon surface hydroxylations generated from pretreatment. Consequently, the acidity loss for silica-alumina and the basicity gain for γ-alumina were observed by increasing the surface hydroxyl groups on the catalysts through pretreatment of the steam calcination.
Introduction
The structure of azo dyes has attracted considerable attentions recently due to their wide applicability in the light-induced photoisomerization process, and their potential usage for the reversible optical data storage.
1 Derivatives of 4-amino-trans-azobenzene are an important class of dyes for both natural and synthetic fibres. They are also widely used as acid-base indicators and as spectrophotometric probes in chemistry. Such dyes undergo a color change on protonation, due to changes in their molecular and electronic structure. Methyl Red (MR) is a weakly basic azo dye with pKin = 4.8, and has been employed as a useful pH indicator in the range 4.4-6.0, in which it changes color from yellow in basic or neutral solution to red in acidic solution. 2 The chemical structure of MR is shown in Figure 1 . MR may be a good probe for reference molecule of acid-base study because the spectral features of neutral, protonated, di-protonated, and deprotonated MR are distinct from one another in the vibrational spectra, and further they have been well studied in the Raman spectroscopy, especially in resonance Raman spcetroscopy, so far. Resonance Raman (RR) studies of azobenzene and azonaphthalene derivatives have been reported and the key features of their spectra are well understood. The RR effect occurs when laser excitation is in close proximity to an intense electronic absorption band, in which case there may be a 10 3 10 4 fold enhancement of the normal Raman scattering signal. 3 Usually, the enhancement factors of Raman band intensities in the resonance Raman scattering are quite selective to the modes and dependent on the electronic structure of molecules. However, advantages of using an excitation wavelength departed from electronic absorption bands, such as 1064 nm laser, are well understood. Employing such excitation wavelength, one could expect to obtain the vibrational characteristics of the sample from nearly normal Raman scattering. RR spectra give richer information for assignments because they have symmetry information of normal modes and afford classifying a number of normal modes into different symmetry blocks.
The oxides of aluminum and silicon are catalytically important materials that have been investigated extensively in order to determine the nature of their adsorption behaviors. Investigations have been concentrated on the several points, e.g., the geometry of sites (e.g., octahedral and tetrahedral environments of the highly defective spinel structures of aluminas), the type of bonding between substrate and adsorbate (e.g., physical adsorption whether of nonspecific nature due to dispersion forces or specific due to hydrogen bonding with surface hydroxyls), and the molecular dynamics of the adsorbed species (e.g., molecular diffusion and chemical exchange, which are important, for example, in cracking reactions). 4 Aluminum oxide is an important technological material widely used in catalytic process. In particular, γ-Al2O3 is employed as a catalyst and a supporting material because of its acid-base properties, and its mechanical and high-temperature resistance. Surface properties of γ-Al2O3 have been the object of many experimental works using different probe molecules. Water adsorption has received special attentions since the basicity of this solid is generally related to the presence of surface hydroxyl groups. Under atmospheric conditions, the surfaces adsorb water both molecularly and dissociatively, giving rise to surface hydroxyls that persist even at temperatures higher than 1000 o C. 5 The catalytic properties of amorphous silicaalumina catalysts are usually correlated with the Brönsted acidity that is located on the Al-OH-Si bridging bonds. Structural characteristics and reactivity properties of Al2O3/ SiO2 have been studied. Silica deposited on alumina is known to generate Brönsted acidity. 6 Recently, these metal oxides have been revisited and investigated to improve the catalytic selectivity and kinetics for a specific reaction in the environmental chemistry 7 and in the nano-particle chemistry.
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In this study, we investigate Raman spectra of MR adsorbed on γ-alumina holding basicity and on silicaalumina holding acidity to elucidate active species on the catalyst surface and the steam calcination effects. Raman spectra of neutral, mono-protonated, di-protonated, and deprotonated species of MR were also obtained to compare with the spectra from the MR adsorbed on the solids. It is well recognized that γ-alumina and silica-alumina can display both acidity and basicity, depending on pretreatment. Their acidic and/or basic sites may be classified as Lewis and/or Brönsted types. Steam calcinations of γ-alumina and silica-alumina were employed to investigate the acid-base types through the surface modification. By way of enforcing the hydroxyl groups on the surface of catalysts, it will be shown that the steam calcined silica-alumina decreased in the acidity strength, and the steam calcined γ-alumina increased in the basicity strength, and that γ-alumina adapted in this study has mainly Brönsted basic sites rather than Lewis types, while silica-alumina has mainly Brönsted acidic sites.
Experimental Section
MR was recrystallized from methanol and dried in vacuum. Toluene was dried over calcium chloride and distilled at atmospheric pressure. The protonated MR and deprotonated MR were prepared by mixing an equal or double molarity of HCl solution and an excess of NaOH solution, respectively. Then dried in vacuum at room temperature. The γ-alumina was purchased of the 0.05 micron from Baikowski International Corporation (Charlotte, North Carolina, USA). The silica-alumina was purchased of silica-alumina catalyst support from Aldrich Chemical Company. Two sets of samples were prepared, containing untreated catalyst and pretreated catalyst calcined for 5 hours where the temperature was controlled at 900 o C under water-steam flow in the atmospheric pressure. MR solution of 150 µM in toluene was prepared. MR solution of 25 mL was added to each 50 mg sample of γ-alumina and silica-alumina, and then mixtures were allowed to equilibrate for 24 hours. The supernatant solution of each sample was decanted, and then the samples were dried in vacuum at room temperature.
Bruker FRA106 Fourier transform spectrometer was applied in air purge mode to obtain Raman spectrum. It was equipped with 1064 nm cw Nd:YAG laser, a calcium fluoride beam splitter and liquid nitrogen cooled Ge detector for Raman scattering. The laser power was about 0.1 watt at sample. The spectral resolution was set to 4 cm −1 and 100 times accumulated for each run. A sample powder was contained for irradiation with tight packing in ordinary melting point capillary tube (Drummond Scientific Co.). 
Results and Discussion
Fourier transform Raman spectra in the mid-range of neutral (symbol: MR), deprotonated (symbol: MRA), monoprotonated (symbol: MRH), and di-protonated (symbol: MRHH) species of MR in the powder state are shown in Figure 2 and the band wavenumbers and their tentative assignments are given in Table 1, Table 2 and Table 3 , respectively. These spectra are very similar to the resonance Raman spectra reported previously using 457.9 nm or 514.5 nm excitation except Raman intensity features. 9, 10, 11 The spectrum of MR, Figure 2 
a from reference 11. 
a from reference 11 
stretchings of both υ (N=N) and υ (=N-C) have shown that MR species is protonated to nitrogen atom of azo group. The double bond character between N and N is weaker and has some degrees of the single bond characteristics. Though the spectra of MRH and MRHH are looking nearly the same, MRHH has rather strong azo-dye character than MRH. 10, 11, 12 This feature could be seen from the recovered strong bands at 1366 and 1397 cm −1 in Figure 2 range for MRHH may show ideas of any conformational changes (cis-to-trans, or vice versa) induced by adsorption of MR on the colloid surface, 13 or any structural changes (quinonoid-to-azo form, or vice versa) due to the inclusion of azonium group into cyclodextrin. 9 The spectra of MR species adsorbed on untreated silicaalumina are shown in Figure 3 (a) and the band wavenumbers and tentative assignments are given in Table 4 . The spectra of MR species adsorbed on silica-alumina quite resemble those obtained for protonated MR, Figure 2 (c). Very strong band at 1617 cm −1 is assigned to the υ (Ring-C) vibration of the quinonoid structure adopted by protonated MR. The peaks in the region 1450 cm −1 to 1600 cm −1 are attributed to the ring stretching vibration (Wilson modes 8a, 8b, 19a and   19b ). Like protonation of MR, the substrate holds surface sites which can donate protons to adsorbates adsorbed on the silica-alumina surfaces, resulting in protonation of adsorbed MR species. Consequently, the examination of the spectra reveals that the silica-alumina surfaces function as the Brönsted acidic sites. The spectra of MR adsorbed on calcined silica-alumina are shown in Figure 3 (b) and the band wavenumbers and assignments are given in Table 4 . The spectrum Figure 3(b) represents the properties of Brönsted acid and Brönsted base. On comparison with the spectra of MR adsorbed on untreated silica-alumina, major differences between them are weaker intensity of a band at 1179 cm −1 and stronger intensities of bands at 1316 cm −1 and 1368 cm −1
. These features are also observed in Figure 2 (b) and Figure 2(c) . For MRA shown in Figure 2(b) , we can deduce strong delocalization through azo N=N bond conjugated to two ring systems, but for MRH in Figure 2 (c) a lot weaker N=N bonding character and quinonoid structural characters in the ring systems. Characteristic features for MRH in resonance Raman or surface enhanced Raman were known to be strong two bands at 1176 and 1620 cm −1
, which was also verified in Figure 2(c) . The other notable difference in Figure 3 (b) , rather stronger intensity of a band at 1368 cm −1 could mean relatively higher degrees of azo-dye character in the molecular system. It is evident from these spectra that the proportion of Brönsted acid site on calcined silica-alumina is smaller than on the untreated silica-alumina. But Brönsted base sites are partly formed on the calcined silica-alumina surfaces due to adsorption of hydroxyl ions during steam calcination, instead.
In different from the spectra of MR species adsorbed on silica-alumina, the spectra of MR species adsorbed on γ- 
The values in the parentheses are resonance Raman bands from reference 14. alumina closely resemble the spectra obtained for deprotonated MR. The spectra of MR species adsorbed on untreated γ-alumina are shown in Figure 4 (a) and the band wavenumbers and tentative assignments 14 are given in Table 4 .
For MR species adsorbed on γ-alumina the strong bands are at 1150 cm −1 attributed to δ ip (Ring-H) and υ (C-N=), and 1411 cm −1 assigned to the υ (N=N) vibration. On comparison with the spectrum of MR, the spectra of MR species adsorbed on γ-alumina have shown that the intensity of the band attributed to υ (Ring-C) is weaker and the intensity of the band attributed to υ (N=N) stronger. It appears that MR species adsorbed on γ-alumina is strongly conjugated further than in neutral MR. Usually alumina surfaces used at the majority of the catalytic reaction had been known to possess acidic sites, but in this adsorption study of MR it proves from spectral analysis that γ-alumina surfaces holds basic sites. Like deprotonation of MR, the sites deprotonate MR species adsorbed which could accept protons from adsorbates on γ-alumina surfaces. In this case, γ-alumina surfaces play a role as Brönsted basic sites. The spectra of MR adsorbed on calcined γ-alumina are shown in Figure 4 (b) and the band wavenumbers and assignments are given in Table 4 . The spectral features of Figure 4 (a) and Figure 4 (b) are nearly the same except spectral intensity. The intensity of MR species adsorbed on calcined γ-alumina is much higher about three times than that of MR adsorbed on untreated γ-alumina. This observation can be explained as increased population of basic active sites in the calcined γ-alumina surfaces resulting from increased hydroxyl groups generated during steam calcination.
Conclusions
The active species adsorbed on γ-alumina was proved to be deprotonated methyl red, and on silica-alumina to be diprotonated methyl red. It is evident from the spectra analysis that hydroxyl groups are generated on the surfaces of oxides during steam calcination. Silica-alumina surface has Brönst-ed acidic site, and γ-alumina surface Brönsted basic site. Steam calcinations of γ-alumina and silica-alumina were employed to investigate the acid-base types through the surface modification. By way of enforcing the hydroxyl groups on the surface of catalysts, it is shown that the steam calcined silica-alumina decreased in the acidity strength, and the steam calcined γ-alumina increased in the basicity strength, and that γ-alumina adapted in this study has mainly
Brönsted basic sites rather than Lewis types, while silicaalumina has mainly Brönsted acidic sites. 
